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Introduction
Owing to the increase of CO 2 in the atmosphere which is directly related to global warming, there is intensive effort globally to develop CO 2 capture techniques as a CO 2 mitigation method. The chemical absorption technique using amine solutions has been the most popular technique because it is the most mature, cost effectives, and highest capability [1] . Amines usually used in this technique are alkanolamines; for example, monoethanolamine (primary amine), diethanolamine (secodary amine), and N-methyldiethanolamine (tertiary amine). Normally, primary and secondary amine exhibit high reaction rate due to the stability of their carbamates but require large amount of energy for regeneration. In the case of tertiary amine, it prefers to form bicarbonate ions resulting in high CO 2 loading under certain conditions with low reaction rate but ease of regeneration [2] . In addition, primary amines with steric hindrance structure which is defined as sterically hindered amine has been proposed as a potential solvent for CO 2 absorption because it reduces the stability of carbamate formation and it is easier to form bicarbonate ions resulting in high reaction rate with high capacity and also need less energy for regeneration [3] . In this work, sterically hindered amines with different number of the hydroxyl group, namely, AMP, 2-amino-2-ethyl-1,3-propanediol (AEPD), and 2-amino-2-(hydroxymethyl)-propanediol (AHMPD) were studied to determine the effect of the number of hydroxyl group on their CO 2 capture activities including initial rate of absorption/desorption, solubility of CO 2 , regeneration heat duty (Q reg ), heat of absorption (ΔH abs ), and pKa.
Experimental
For the absorption experiment, the amine solution was treated with 15% CO 2 at 40°C at atmospheric pressure. Feed gas was introduced into the water saturation cell, then the absorption cell that was filled with 2M of amine solution. Both cells were immersed in a water bath at a constant temperature. The absorption process was performed until the solution reached equilibrium. Then rich amine was transferred into the desorption flask placed in the oil bath. The desorption experiment was performed at 90 °C with constant stirring. The CO 2 loading in the liquid amine was determined by titration with 1M HCl in Chittick apparatus using methyl orange as indicator [4] . Initial absorption rate was investigated by determining the CO 2 loading in the liquid sample every 10 minutes for 1 hour. The slope obtained from the plot between the absorption capacity and time represents the initial absorption rate. The CO 2 loading in amine solution at equilibrium is the solubility of CO 2 . For initial desorption rate, it was also investigated as initial absorption rate. The cyclic capacity was used to determine Q reg . For heat of absorption, it can be obtained from the slope of the plot between lnP CO2 and 1/T for the same CO 2 loading according to the Gibbs-Helmholtz equation [5] .
The absorption was carried out to obtained the solubility of CO 2 at different temperature and P CO2 . The pKa was determined by preparing 100 mL of 0.05M amine and then titrating with each 0.05mL of 1 M HCl until end point was reached. The pH of the solution was measured after each 0.5 mL of acid was added into the solution. The pKa of amine solution was calculated by the equation reported in Li et al. [6] .
Results and discussion
AMP is sterically hindered primary alkanolamine with one hydroxyl group. Its steric hindrance structure reduced the stability of carbamate formation, resulted in higher CO 2 solubility than that in the conventional primary amine, MEA [3] (see Figure 1 ). The initial absorption rate and desorption rate of AMP was also higher than that in MEA (see Figure 3 ). This can be explained by the pK a value. The basicity of amine is defined by pK a which also represents the reactivity of the amine. This implies that the higher pK a of AMP will lead to a higher initial absorption and desorption rate. When the number of hydroxyl group was increased as in AEPD (two hydroxyl) and AHMPD (three hydroxyl), it resulted in the decrease of solubility, and the initial rates of absorption and desorption (see Figure 1 and 2). This is due to the fact that the addition of OH group reduced the basicity (pK a ) of the amine due to the stabilization through bonds [7] . An amine with a high pKa results in high CO 2 solubility and reaction rate. In the case of Q reg , the amine with the higher amount of cyclic capacity generally required lower energy for regeneration (see Figure 3 ). Q reg is directly related to ΔH. Therefore, Q reg and ΔH abs were increased with increasing number of hydroxyl group. 
Conclusion
The increase in the number of hydroxyl group reduced the performance for CO 2 capture including initial absorption rate, initial desorption rate, solubility of CO 2 , heat duty, and heat of absorption of sterically hindered amine by decreasing the basicity properties of the amine.
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